Introduction
Numbers of signaling molecules have been identi®ed in the signal transduction pathway from the membrane to the nucleus. As a manner of the signal transfer between these molecules, phosphorylation of cellular proteins has been highlighted. Especially, the critical roles of tyrosine phosphorylation in the signal transduction are certi®ed by the fact that many receptors for growth factors and oncoproteins responsible for malignant transformation are proved as tyrosine kinases by the molecular cloning techniques. Recent studies suggest that a domain called Src homology 2 (SH2) domain has a signi®cant function to transduce the signal in a tyrosine phosphorylation-dependent manner (Pawson and Gish, 1992) . Each SH2 region binds to speci®c sets of phosphotyrosine-containing proteins by recognizing a phosphotyrosine in the context of several adjacent amino acids Muller et al., 1992; Songyang et al., 1993) . In non-receptor type tyrosine kinases, such as Src, Fps and Abl, the SH2 regions are located immediately at N-terminal to kinase domains. Deletion or substitution of SH2 regions of activated variants of Src and Fps often impairs the catalytic and transforming activities of these kinases (Kitamura and Yoshida, 1983; Sadowski et al., 1986; Raymond and Parsons, 1987) and particular mutations within the SH2 region of Src induce host-dependent transforming phenotypes (DeCue et al., 1987; Hirai and Varmus, 1990) . Furthermore, there is a signi®cant similarity between the substrate speci®city of these tyrosine kinases and the binding speci®city of their SH2 regions, which was demonstrated by the experiment using degenerate synthetic peptides (Pawson, 1995; Songyang et al., 1995) .
Thus speci®c protein tyrosine phosphorylation induced by each of tyrosine kinases is believed to be a critical machinery of cellular signal transduction. A substantial amount of recent information is obtained regarding main target substrates of phosphorylation directly attacked by tyrosine kinases. For example, phosphorylation of PLC-g (Wahl et al., 1988) , GAP , Nck (Park and Rhee, 1992; Li et al., 1992; Meisenhelder and Hunter, 1992) , Vav (Bustelo et al., 1992; Margolis et al., 1992) , Shc (Pelicci et al., 1992) , Syp/SH-PTP2 (Feng et al., 1993) , and cortactin (p80/p85) (Wu and Parsons, 1993 ) is observed during cellular transformation or by various growth factor stimuli. Each of these signaling molecules may receive several kinds of upstream signals and transduce a common set of signals which regulate cellular growth and dierentiation in a phosphorylation-dependent manner. It is, though, still technically dicult to identify the tyrosine kinase responsible for phosphorylation of a particular substrate.
We have recently cloned a novel kinase substrate, p130
Cas (Cas) which contains a cluster of multiple putative SH2-binding motifs and another signaling region called Src homology 3 (SH3) domain (Sakai et al., 1994a) . The cellular transformation by v-Src or vCrk induces tyrosine phosphorylation of Cas and stable association of Cas with these oncoproteins in vivo, suggesting a critical role of Cas in these oncogenic signal transduction and cellular transformation (Matsuda et al., 1990; Birge et al., 1992; Sakai et al., 1994a,b) . v-Crk was ®rst identi®ed as a regulator of tyrosine kinases and causes elevation of tyrosine kinase activity which results in transformation of ®broblasts (Mayer et al., 1988) . It is still unclear, however, what kind of tyrosine kinases is regulated by v-Crk and how the regulation takes place. Because tyrosine phosphorylation of Cas is the most obvious change found during the transformation of ®broblasts by v-Crk, it is quite important to identify the tyrosine kinase(s) responsible for the phosphorylation of Cas to elucidate the mechanism of cellular transformation and kinase regulation by v-Crk.
Tyrosine phosphorylation of Cas is also observed in some biological events such as integrin-mediated cell adhesion (Nojima et al., 1995; Petch et al., 1995) . Since Cas is predicted to be an ideal target molecule for several SH2-containing tyrosine kinases including Src family kinases and Abl judging from their substrate speci®cities and SH2-binding speci®cities (Pawson, 1995; Mayer et al., 1995) , it might act as a cellular binding partner of these tyrosine kinases. To know the biological role of Cas in cellular signal transduction, it is critical to identify the tyrosine kinase associated with Cas. That is also important for understanding how tyrosine kinases share their roles in signal transduction network.
In this work, we characterized and analysed the kinase activity associated with Cas. We utilized variants of mouse ®broblasts from embryos lacking various tyrosine kinases as well as normal mouse ®broblasts for analysis of kinase(s) responsible for tyrosine phosphorylation of Cas. The eects of transient expression of vCrk on the tyrosine kinase activity were also analysed in these cells for identi®cation of the tyrosine kinase involved in transformation by v-Crk.
Results

Phosphopeptide mapping of phosphorylated Cas
To analyse the substrate speci®cities of the kinases responsible for phosphorylation of p130
Cas (Cas) in transformation of ®broblasts, tyrosine-phosphorylation patterns of trypsin-digested fragments of Cas were compared between cells transformed by v-Crk and vSrc using two-dimensional phosphopeptide mapping. For these analyses, we analysed rat 3Y1 cells expressing v-Crk (3Y1-Crk) or v-Src (SR-3Y1) as well as normal 3Y1 cells. These cells were labeled in vivo by orthophosphate, immunoprecipitated by antiserum against Cas, and at ®rst analysed by standard SDS polyacrylamide gel electrophoresis (PAGE). Elevated tyrosine phosphorylation of Cas in 3Y1-Crk cells and SR-3Y1 cells could be detected as shifts of bands towards apparently higher molecular weight ( Figure  1a ). These broad bands were cut out, digested by trypsin and mapped two-dimensionally. Both in 3Y1-Crk cells and in SR-3Y1 cells, more than ten spots were newly observed indicating multiple tyrosine phosphorylation sites (Figure 1b) . Although positions of most of the spots derived from trypsin-digested fragments of Cas can be overlapped by each other, there is signi®cant dierence in the phosphorylation patterns of each tryptic fragment between 3Y1-Crk and SR-3Y1 cells. This result suggests that the substrate speci®city of the tyrosine kinase responsible for the phosphorylation of Cas in ®broblasts expressing v-Crk might be slightly dierent from that of v-Src kinase.
Detection of the Cas-associated kinase (CASK) activity in normal NIH3T3 cells
To identify the cellular kinases responsible for the phosphorylation of Cas, we analysed tyrosine kinase activity associated with Cas in the variants of mouse ®broblasts. We used mutant ®broblasts lacking various tyrosine kinases derived from embryos of genedisrupted mice. The complexes associated with Cas were precipitated from these cell lysates using anti-Cas antiserum and the in vitro kinase assays of the complexes were performed with or without an exogenous substrate, poly [Glu-Tyr] . The kinase activities involved in the complexes were analysed by the level of phosphorylation of Cas or of poly [Glu-Tyr] .
In normal NIH3T3 cells, a distinct tyrosine kinase activity associated with Cas was observed (Figure 2a , lanes 1 and 5). The kinase activity eciently phosphorylated Cas and poly [Glu-Tyr] in vitro. We tentatively designate this kinase activity as the CASK (Cas-associated Kinase) activity. Cas itself was the most ecient substrate of the kinase activity involved in the complex just as in ®broblasts transformed by vSrc or v-Crk (Sakai et al., 1994a) .
Since tyrosine phosphorylation of Cas is not obvious in normal ®broblasts judging from the immunoblotting with the anti-phosphotyrosine antibody (Sakai et al., 1994a) or from phosphoamino acid analysis (data not shown), it is speculated that the CASK activity could be masked by protein tyrosine phosphatase (PTPase) activity which might regulate phosphorylation of Cas. In fact, we have also reported that orthovanadate, a PTPase inhibitor enhances the phosphorylation level of Cas (Sakai et al., 1994b) .
The CASK activity in variant ®broblasts homozygously lacking tyrosine kinase genes There are mainly three bands of Cas (Form A, B and C) detected by anti-Cas antibodies as reported (Sakai et al., 1994a) . Form A and B are sharp bands detected at 115 kD and 125 kD, respectively, p130-C is a broad smear band at 125 ± 135 kD and anti-phosphotyrosine antibodies mostly recognize this p130-C. Marked ®broblasts. The main phosphorylated substrate except phosphorylated Cas was a 60 kD protein ( Figure 2a , lane 2). Since it is reported that kinase activities of Srcfamily kinases such as Src, Fyn and Lyn are elevated in the Csk-de®cient cells, this 60 kD phosphoprotein is supposed to be one of the autophosphorylated Srcfamily kinases from its molecular weight. It is speculated that the CASK activity in CSK 7/7 ®broblasts might be derived from these Src family kinases.
In the Csk-de®cient ®broblasts, physical association of Cas with tyrosine kinases was analysed by the in vitro kinase assay. As shown in Figure 3a , the association of Cas with Fyn was obviously detected in Csk-de®cient mouse ®broblasts. Surprisingly, the band of Cas associated with Fyn was also faintly detectable in normal NIH3T3 ®broblasts. On the other hand, association of Cas with Src was not obvious in both Csk 7/7 ®broblasts and NIH3T3 cells ( Figure 3a , lanes 1 and 2), although a smear band around 110 ± 130 was observed in Csk 7/7 cell lysate immunoprecipitated by the anti-Src antibody ( Figure 3a , lane 2). No physical association of Cas with Lyn, Abl nor Fak was observed in these cells using the same procedures (data not shown). We further analysed the association between Cas and Fyn kinase using GST (glutathione S-transferase)-fusion proteins. We used lysates of rat ®broblasts 3Y1, 3Y1-Crk and SR-3Y1 to know the anity with bacterially expressed SH2 and SH3 regions of Fyn fused with GST. As shown in ®gure 3b, every form of multiple bands of Cas (Form A, B and C) bind the GST-FynSH3 fusion protein, while the phosphotyrosine-containing forms of the Cas (Form C) bind the GST-FynSH2 fusion protein. GST-FynSH2 fusion protein was so ecient to precipitate the tyrosine phosphorylated Cas that a slight amount of the tyrosine phosphorylated form of Cas was also detected in the normal 3Y1 cells (Figure 3b lane 4) . GST itself had no signi®cant anity to any forms of Cas ( Figure  3b, lanes 1 ± 3) .
Elevation of the CASK activity was observed in the ®broblast lacking Src kinase ( Yes 7/7 cells is elevated as shown by the Western blotting (Figure 4a ) although the mechanism is not known. In the ®broblasts lacking Abl or Fak, no signi®cant dierence in the CASK activity was On the contrary, the CASK activity was severely decreased in the ®broblasts lacking Fyn while the amount of expressed Cas protein in the Fyn 7/7 ®broblasts was the same as that in normal ®broblasts (Figure 4b, lane 3) . In order to exclude the possibility of clonal selection of the cells with particular characteristics during the establishment of the cell line, primary culture ®broblasts which were directly cultured from the embryo of Fyn-negative mice were also examined. Notably, the CASK activity was most extremely suppressed in the primary culture of embryo ®broblasts from Fyn 7/7 mice ( Figure 4b, lane 2) . The signi®cantly lower CASK activity was observed in the Fyn 7/7 primary culture cells when compared with that in the cell line of Fyn 7/7 ®broblasts, which was extremely low but apparently detectable using poly[Glu-Tyr] as a substrate as shown Figure 4c . It might be suggested that some tyrosine kinase(s), which is less ecient to phosphorylate Cas when compared with Fyn kinase, could become activated during the immortalization procedure of ®broblasts to compensate the signi®cant biological role of Fyn kinase and should thus be found as a detectable CASK activity.
Induction of tyrosine kinase activity by v-Crk
To analyse the eect of v-Crk expression in these variant ®broblasts, sense and antisense v-Crk cDNA were inserted into the expression vector possessing the SRa promoter and transiently expressed in various ®broblasts by the calcium phosphate coprecipitation method. The eect of v-Crk on the CASK activity was analysed 48 h after the transfection by the in vitro kinase activity comparing with that of the control vector possessing v-Crk cDNA in antisense direction. The results of NIH3T3, Src-negative and Fyn-negative cells are shown in Figure 5 . Both in NIH3T3 cells and in Src negative cells, the CASK activity was prominently increased by the expression of v-Crk. Obvious elevation of the CASK activity by v-Crk was also observed in other ®broblasts lacking Yes, Abl, Fak or Csk (data not shown).
In the primary culture of Fyn-negative ®broblasts, no change in the CASK activity was induced by the expression of v-Crk. When Fyn kinase was also introduced into the ®broblasts by the transient expression method, induction of the CASK activity by v-Crk reappeared as shown in Figure 5a 4 and 7) , SR-3Y1 (lanes 2, 5 and 8) and 3Y1-Crk (lanes 3, 6 and 9) were precipitated by GST (lanes 1,2 and 3), GST-FynSH2 (lanes 4,5 and 6) and 8, 9 ) and subjected to immunoblotting by anti-Cas antibody. Molecular weights are given in kilodaltons Tyrosine kinase associated with p130 Cas ®broblasts, however, the elevation of CASK activity by v-Crk was slightly detected (data not shown). It is indicated that the tyrosine kinase activated in the Fynnegative cell line, also responds to the stimulation by vCrk and partially compensates the function of Fyn. The results obtained from the analysis of Casassociated kinase activity using mouse variant fibroblasts are summarized in Table 1 .
By the expression of v-Crk in ®broblasts, the kinase activities of both c-Src and Fyn kinases are induced as shown in Figure 6 whereas the kinase activity of Abl is just slightly detectable. The enhancement of the tyrosine kinase activities of Fyn and Src is, in both cases, two-to three-folds, while the change in the amount of phosphotyrosines of Cas during the transformation by v-Crk is quite drastic. Although it is not clear how v-Crk regulates the kinase activity of these tyrosine kinases, there seems to be a mechanism in Cas to amplify the signal transduced by a small change in the kinase activity into a remarkable change in the tyrosine phosphorylation level.
Finally, the kinase activity associated with another v-Crk-associating phosphoprotein, paxillin, was examined in the same manner. The cell lysates were immunoprecipitated by anti-paxillin antibody and the eect of v-Crk expression on the kinase activity involved in the complex was analysed. As shown in Figure 7 , the signi®cant kinase activity was induced by the expression of v-Crk and that kinase activity phosphorylates Cas quite eciently in vitro while paxillin itself was not obviously phosphorylated by this kinase activity. In this case, the kinase activity was not induced in Fyn 7/7 primary ®broblasts by the expression of v-Crk, suggesting this kinase activity is identical to the CASK activity. Discussion v-Crk was ®rst identi®ed as a regulator of tyrosine kinases (Mayer et al., 1988) although the mechanism of the regulation is still unclear. It induces an elevated level of tyrosine-phosphorylation of several cellular proteins in v-Crk-transformed cells while it lacks a kinase domain (Matsuda et al., 1990; Mayer and Hanafusa, 1990) . The main phosphoproteins have been identi®ed as p130
Cas (Cas) and paxillin (Matsuda et al., 1991; Sakai et al., 1994a; Birge et al., 1993) . As for the tyrosine kinases responsible for the phosphorylation of these proteins, quite limited information is available. It is indicated that c-Src kinase has a stimulatory eect on the transformation by v-Crk (Sabe et al., 1992) . c-Abl is found to be a tyrosine kinase which is responsible for ®broblasts (lanes 7, 8) are shown. v-Crk is transiently expressed in lanes marked (+) while control plasmid is transfected in lanes marked (7) Kinase assay with poly-Glu/Tyr of the samples in a (lanes 1 ± 6) was also performed. v-Crk is transiently expressed in lanes marked (+) while control plasmid is transfected in lanes marked (7). The position of phosphorylated Cas is indicated by a square bracket on the left the phosphorylation of c-Crk (Feller et al., 1994; Ren et al., 1994) , and to phosphorylate Cas eciently in vitro . Our results that show the elevated CASK activity in Csk-de®cient cells indicate that a member(s) of Src family kinases which is known to be suppressed by the activity of Csk kinase is essential for the regulation of the CASK activity. Furthermore, the experiments using kinase-de®cient ®broblasts suggest that among the Src family kinases, especially the Fyn kinase might be mainly responsible for the CASK activity of normal ®broblasts and elevation of the CASK activity by v-Crk at least in a critical step for the process of Cas phosphorylation. It is also supported by other experiments showing the elevated kinase activity of Fyn and Src in v-Crk-transformed cells and the association between Fyn and Cas in Csk-negative cells as well as in normal ®broblasts. It is quite interesting to test whether v-Crk can transform the cells lacking Fyn or Src kinase. However, it has been reported that v-Crk can transform some established rat ®broblasts but not mouse ®broblasts (Sabe et al., 1992; Ogawa et al., 1994) .
The substrate domain of Cas contains a total of 15 repeats of six variants of putative SH2 binding motifs in about 250 amino-acid stretch. This region may thus recognize a set of SH2-containing molecules and bind some of them simultaneously or others of them competitively. There are also a set of SH2-binding regions and an SH3-binding region at the C-terminal region of Cas. From its primary structure deduced from the amino acid sequence, Cas is supposed to be a novel type of adapter molecule which can accept signals from a variety of SH2 and SH3 containing molecules and output signals from its own SH3 region. One of the notable characteristics of Cas is that it forms tight complex with Src family kinases including v-Src. According to our recent mutagenesis experiments, this substrate domain binds the SH2 domain of v-Crk while the C-terminal region, called Src-binding domain, binds Src kinase through both SH2 and SH3 regions . The Src-binding domain is also associated with the tyrosine kinase activity induced by v-Crk in vivo. The binding manner of Cas indicates the possibility that it might act as a regulatory partner of speci®c tyrosine kinases. As for the regulation of Src-family kinases, presented was a model that SH2-regions of Src family kinases bind intra-molecularly to the C-terminal phosphorylated tyrosines forming close forms and thus suppress the kinase activity of themselves. According to this model, the phosphorylation-dependent binding of Cas with the SH2 region of Src family kinases might convert the tyrosine kinase from a closed form into an open form which act as an activated kinase.
Because the change in the phosphorylation of Cas is so drastic by the expression of v-Crk, a processive phosphorylation mechanism is suggested to explain the phosphorylation of Cas . An SH2-containing tyrosine kinase might approach to a phosphorylated tyrosine in the substrate region of Cas using the anity of SH2 region and phosphorylate the tyrosine motif adjacent to the original phosphorylated tyrosine. Then SH2 shifts to the newly phosphorylated tyrosine and in that way all the tyrosine motifs become phosphorylated in a processing manner. This mechanism is supported by in vitro experiments in the case of cAbl kinase. There is the possibility that Fyn kinase might play a key role in starting the phosphorylation of the ®rst tyrosine and another kinase such as c-Abl might processively phosphorylate Cas.
Our experiments showed that Cas associates with the distinct kinase activity even when it has no obvious phosphorylation. There are experimental data to show that some PTPase activity is regulating the phosphorylation states of Cas (Sakai et al., 1994b) . This PTPase activity might possibly work to negate the basal kinase activity associating with Cas. Thus several fold induction of the kinase activity induced by v-Crk may trigger the massive change in the phosphorylation of Cas along with the processive mechanism of phosphorylation.
A recent study indicates that dierent Src family kinases contribute to the phosphorylation of various kinds of substrate molecules (Thomas et al., 1995) . For example, cortactin and tensin are mainly phosphorylated by Src kinase, while paxillin and focal adhesion kinase (Fak) are phosphorylated by both Src and Fyn kinase. Although there are no substrates known to be Fyn-speci®c so far, our data suggest that p130 is a candidate molecule of the Fyn-speci®c substrate in some conditions such as v-Crk-mediated cell transformation. The role of Fyn kinase as the CASK activity might not be an absolute one, because, as shown in the Fyn-negative cell line, some compensation mechanism could be prepared. Considering our recent data to show the involvement of Cas phosphorylation during the integrin-mediated cell adhesion (Nojima et al., 1995; Petch et al., 1995) , it is quite interesting to examine whether any of Src-family kinases are essential for the phosphorylation of Cas in the integrin-mediated signaling. Recently, using the same set of mouse Figure 7 Paxillin is involved in the kinase-Cas complex. In vitro kinase assay of variant ®broblasts immunoprecipitated by antipaxillin antibody was examined. Normal NIH3T3 cells (lanes 1, 2, 7 and 8), primary cultured Fyn 7/7 cells (lanes 3, 4, 9 and 10) and Src 7/7 cells (lanes 5, 6, 11 and 12) were analysed. v-Crk is transiently expressed in lanes marked (+) while control plasmid is transfected in lanes marked (7). Kinase reaction was performed without (lanes 1 ± 6) or with poly-Glu/Tyr (lanes 7 ± 12) as exogenous substrates. The position of phosphorylated Cas is indicated by a square bracket on the left. Molecular weights are given in kilodaltons ®broblasts derived from kinase-negative mice, we found that c-Src is essential for the phosphorylation of Cas in the signaling pathway via integrin (Hamasaki et al., 1996; Vuori et al., 1996) , suggesting a responsible kinase for the phosphorylation of Cas is dierent among signaling pathways.
-
Further study is required for understanding the activation mechanism of Src family kinases during the transformation by v-Crk. It is also an interesting concern how the speci®city of each Src family kinase is regulated. Cas might be an ideal model molecule for the elucidation of the recognition mechanism of both substratespeci®city and binding-speci®city between kinase molecules and substrate molecules. The physiological condition which causes phosphorylation of Cas and the signal originating from Cas should be analysed further.
Materials and methods
Cells
3Y1-Crk is an isolated clone of rat 3Y1 cells (Kimura et al., 1975) transfected with v-crk cDNA of an avian sarcoma virus, CT10 (Mayer et al., 1988) . SR-3Y1 is a 3Y1 cell line transformed by v-Src of Rous sarcoma virus (Zaitsu et al., 1988) . Abl-negative ®broblasts are kindly given from Dr BJ Mayer. Src-negative ®broblasts and Src/ Yes negative ®broblasts are kindly given from Dr HE Varmus. Csk-negative, Fyn-negative and Fak-negative mouse ®broblasts are established as described Yagi et al., 1994; Ilic et al., 1995) . Fibroblast cells are cultured in Dulbecco's modi®ed Eagle medium (DMEM) supplemented with 10% bovine serum. For preparation of primary culture of embryonic ®broblasts, an E12 day mouse embryo was dissected in 1% trypsin by pipetting, and plated onto tissue culture dishes in DMEM with 10% fetal calf serum (FCS; Irvine Science Co. Ltd.). After they grew to con¯uence, they were passaged to use for the transient transfection.
Transfection of v-Crk-expressing plasmid
For the transient expression of v-Crk, v-crk cDNA was inserted in the expression vector with SRa promoter (pSSRa) and transfected into ®broblasts by calcium phosphate precipitation method as described (Wigler et al., 1977) . Cells were harvested at 48 h after transfection and expression of v-Crk and kinase activity associated with p130 Cas (Cas) was measured.
Antibodies and GST-fusion proteins
A rabbit polyclonal antibody (aHcrk) against v-Crk protein expressed by the baculovirus vector system and anity puri®ed using anti-gag antibody (1A1) was produced. A rabbit polyclonal antibody against p130 (aCas2) was produced as described (Sakai et al., 1994a) . 2 ± 17 (Microbiological Associates) was used as a monoclonal antibody against Src. Anti-Fyn polyclonal antibody (WAKO, Osaka), anti-paxillin polyclonal antibody (Zymed) was also used. Anti-phosphotyrosine monoclonal antibody, 4G10, was obtained from UBI. GST-FynSH2 and GST-FynSH3 constructs are kindly given from T Yamamoto (Umemori et al., 1994) . GST fusion proteins were expressed in E. coli and puri®ed by anity chromatography using immobilized glutathione-Sepharose 4B beads (Phamacia).
SDS-polyacrylamide gel electrophoresis and Western blotting
For protein analysis, cells were lysed in 1% Triton Buer (10 mM Tris HCl, pH 7.4, 5 mM EDTA, 150 mM NaCl, 1% Triton X-100, 10% glycerol, 10 u/ml aprotinin, 1 mM phenylmethylsulfonyl¯uoride (PMSF), 1 mM Na 3 VO 4 ). SDS-polyacrylamide gel electrophoresis (PAGE) was done as described by Laemmli (1970) using 7.5% polyacrylamide gel unless specially indicated. For Western blotting of total cell lysates, samples containing 50 mg protein per lane were applied to gels. Western blotting were done as described (Towbin et al., 1979) using aCas2 (1 : 2500), 4G10 (5 mg IgG/ml) or aHcrk antibody (1 : 2500) as ®rst antibodies and using ProtoBlot Western AP System (Promega) for second antibodies and staining following manufacturer's instructions.
Immune complex kinase assay and phosphopeptide mapping
For immune complex kinase assay, cell lysates containing 500 mg of proteins were mixed with 1 ml of aCas2, 2.5 ml of anti-Fyn antibody, 1 ml of anti-Src antibody (2 ± 17) or 2 ml of anti-paxillin antibody and incubated for 1 h on ice. Samples were rotated with Protein-A Sepharose (Sigma) for 1 h at 48C, then beads were washed three times using 1% Triton Buer and three times using Kinase Buer (50 mM Tris HCl, pH 7.4, 50 mM NaCl, 10 mM MgCl 2 , 10 mM MnCl 2 ). Kinase reaction was performed in 30 ml of Kinase Buer with 5 mCi of [g 32 P]ATP (Amersham) at room temperature for 15 min. Samples were boiled in Sample Buer (2% SDS, 0.1 M Tris-HCl, pH 6.8, 10% glycerol, 0.01% bromophenol blue, 0.1 M dithiothreitol) and analysed by 7.5% polyacrylamide gel. Gels were further treated with 1 N KOH for 1 h at 558C before exposure to an X-ray ®lm in order to detect phosphotyrosine-containing proteins.
For phosphopeptide mapping, cells were labeled by orthophosphate for 3 h as described previously (Sakai et al., 1994b) . After autoradiography, the bands corresponding to phosphorylated p130 were cut out, washed 2 h in 25% methanol, 2 h in 10% methanol, and 2 h in distilled water. Gels homogenized in 500 ml of 50 mM NaHCO 3 were digested by tolylsulfonyl phenylalanyl chrolomethyl ketone (TPCK) treated-trypsin (Worthington) at 378C overnight. Following digestion, supernatants were lyophilized, oxidized with 50 ml of performic acid, washed by 400 ml of water and dried. Samples were analysed by electrophoresis in 1% NaHCO 3 (®rst dimension) and by ascending chromatography in chromatography buer (n-Butanol/pyridine/acetic acid/water; 15 : 10 : 3 : 12) on thin layer cellulose (TLC) plates.
